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(57) ABSTRACT

The invention provides photoluminescent compounds, reac-
tive intermediates used to synthesize photoluminescent com-
pounds, and methods of synthesizing and using photolumi-
nescent compounds, among others. The compounds comprise
phenanthrene and dipyridylamine moieties. The compounds
are colored and fluoresce upon excitation. Methods are
included for using the compounds to detect metal ions by
spectral changes of wavelength shift or a change in fluores-
cence intensity. Compositions in polymers and solvents are
provided for use as a film, paint, reflective surfaces, and
electroluminescent devices are provided.



US 2015/0329773 A1

Nov. 19,2015 Sheet 1 of 2

Patent Application Publication

e

5

#

2

\\&.ﬁ\\\




US 2015/0329773 A1

Nov. 19,2015 Sheet 2 of 2

Patent Application Publication

2
Z W
“ z
z z
s 7w
s :
50 b £t
Ji i
N 7 “ iz
Z Z
Z Z
2 Z
. 1
. |
Z .
J A “ \m\mw 1
7 ! g
- 13
\\ T ,“w«
, TiikE
/ 4 M,w 3 7
.
; 4 Es]
1 /
PrzE: Z 1
75
£ /
;
F
/
7
L P o)
; . g BT [
ot oy s gy
L gyt sy e, ", i
T i 2
] g
o
S gy
e ” F bt e,
bt VIS ’
e i
G
“he




US 2015/0329773 Al

NOVEL LUMINESCENT MATERIALS

[0001] Both anthracene and 2,2'-dipyridylamine (dpa) are
highly efficient light emitting materials. It has been reported
that the introduction of two dpa units to the 9 and 10 positions
of anthracene by nitrogen-carbon bonds could afford a lumi-
nescent compound anthracene-(dpa), as blue light-emitting
materials. Modulation of the emission color is difficult with
anthracene-(dpa)2. It is desired to develop luminescent com-
pounds with the emission colors easily modulated to afford
fall-color luminescence.

SUMMARY OF THE INVENTION

[0002] The invention provides photoluminescent com-
pounds, reactive intermediates used to synthesize photolumi-
nescent compounds, and methods of synthesizing and using
photoluminescent compounds, among others.

[0003] The compounds relate generally to the following
structure:

L
D N

owe
)

The embodiment has A as hydrogen or -L ,-R", B as hydrogen
or -L-RY, and C as hydrogen or L-R'. In some embodi-
ments, R' is

wherein E is a hydrogen, halogen, -G, —O-G, or NG, and
wherein G is an aryl, substituted aryl, heteroaryl, substituted
heteroaryl, or alkyl. Further, embodiments include those
wherein -L -, -Lz-, and -L- are independently a bond or
ethynyl, at least one of A, B and C is -L -R', -L;-R%, or
-LR', and if B is -L,-R' and -L,- is a bond, then E is
hydrogen, G, or —O-G. Methods for preparation of the com-
pounds are provided.

[0004] The compounds are colored and fluoresce upon
excitation. Methods are included for using the compounds to
detect metal ions by examination of changes to the spectrum.
The spectral changes can be a wavelength shift or a change in
fluorescence intensity. The change can occur upon addition of
metal ions, and the change upon addition of metal ions can be
reversed upon addition of metal chelators. The detection of
ions may be provided for in a kit of the compound and other
necessary articles.
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[0005] Compositions of the compound in polymers and
solvents for use as a film, paint, or reflective surface are
provided, Further, the compounds can be used in electrolu-
minescent devices including flat panel display devices.
[0006] The nature of the invention will be understood more
readily after consideration of the drawing, chemical struc-
tures, and detailed description of the invention that follow.

DESCRIPTION OF DRAWINGS

[0007] FIG. 1: Normalized photoluminescence spectra of
compounds 1-9.

[0008] FIG. 2: A graph illustrating a change in emission
intensity of a compound of FIG. 1 upon the addition of
increasing amounts of Cu?* ion.

[0009] FIG. 3: A graph illustrating a change in emission
intensity of the compound of FIG. 2 upon the addition of
increasing amounts of cyanide ion.

DETAILED DESCRIPTION

[0010] The above summary of the present invention is not
intended to describe each illustrated embodiment or every
possible implementation of the present invention. The
detailed description, which follows, particularly exemplifies
these embodiments.

[0011] Before the present compositions and methods are
described, it is to be understood that they are not limited to the
particular compositions, methodologies or protocols
described, as these may vary. It is also to be understood that
the terminology used in the description is for the purpose of
describing the particular versions or embodiments only, and
is not intended to limit their scope which will be limited only
by the appended claims.

[0012] It must also be noted that as used herein and in the
appended claims, the singular forms “a”, “an”, and “the”
include plural reference unless the context clearly dictates
otherwise. Unless defined otherwise, all technical and scien-
tific terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art. Although any
methods and materials similar or equivalent to. those
described herein can be used in the practice or testing of
embodiments disclosed, the preferred methods, devices, and
materials are now described.

[0013] “Optional” or “optionally” means that the subse-
quently described event or circumstance may or may not
occur, and that the description includes instances where the
event occurs and instances where it does not.

[0014] The term “alkyl” or “alkyl group” refers to a
branched or unbranched hydrocarbon or group of 1 to 20
carbon atoms, such as but not limited to methyl, ethyl, n-pro-
pyl, isopropyl, n-butyl, isobutyl, t-butyl, octyl, decyl. tetrade-
cyl, hexadecyl, eicosyl, tetracosyl and the like. “Cycloalkyl”
or “cycloalkyl groups” are branched or unbranched hydrocar-
bons in which all or some of the carbons are arranged in a ring,
such as but not limited to cyclopentyl, cyclohexyl, methylcy-
clohexyl and the like. The term “lower alkyl” includes an
alkyl group of 1 to 10 carbon atoms.

[0015] The term “aryl” or “aryl group” refers to monova-
lent aromatic hydrocarbon radicals or groups consisting of
one or more fused rings in which at least one ring is aromatic
in nature. Aryls may include but are not limited to phenyl
napthyl, biphenyl ring systems and the like. The aryl group
may be unsubstituted or substituted with a variety of substitu-
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ents including, but not limited to, alkyl, alkenyl, halide, ben-
zylic, alkyl or aromatic ether, nitro, cyano and the like and
combinations thereof.

[0016] “Substituent” refers to a molecular group that
replaces a hydrogen, in a compound and may includes but are
not limited to, trifluoromethyl, nitro, cyano, C1-C20 alkyl,
aromatic or aryl, halide (F, Cl, Br, ), C,-C,, alkyl ether,
benzyl halide, benzyl ether, aromatic or aryl ether, hydroxy,
alkoxy, amino, alkylamino (—NHR'), dialkylamino
(—NR'R") or other groups which do not interfere with the
formation of the diaryl alkylphosphonate.

[0017] As defined herein, an“arylo]” oran “arylol group” is
an aryl group with a hydroxyl, OH, group substituent on the
aryl ring. Non-limiting examples of an arylol are phenol,
naphthalenol and the like. A wide variety of arlyols may be
used in the embodiments of the invention and are commetr-
cially available.

[0018] The term “alkanol” or “alkanol group” refers to a
compound including an alkyl of 1 to 20 carbon atoms or more
having at least one hydroxyl group substituent. Examples of
alkanols include but are not limited to methanol, ethanol, 1-
and 2-propanol, 1,1-dimethylethanol, hexanol, octanol and
the like. Alkanol groups may be optionally substituted with
substituents as described above.

[0019] The term “alkenol” or “alkenol group” refers to a
compound including an alkene of 2 to 20 carbon atoms or
more having at least one hydroxyl group substituent. The
hydroxyl may be arranged in either isomeric configuration
(cis or trans). Alkenols may be further substituted with one or
more substituents as described above and may be used in
place of alkanols in some embodiments of the invention.
Alkenols are known to those skilled in the art and many are
readily available commercially.

[0020] The term “organic polymer matrix” refers to an
organic polymer or mixture of one or more organic polymers.
An organic polymer comprises molecules in which at least
oneofthe repeating units is an organic moiety which contains
covalently bonded carbon atoms and optionally contains vari-
ous other atoms. Typically an organic moiety contains a car-
bon-carbon bonded backbone or ring structure which may be
substituted with various substituents (other than hydrogen)
containing various atoms or in which the backbone remains
predominantly composed of carbon, but may contain other
atoms (e.g., O, S, N, etc.). Organic polymers may be formed
having more than one repeat unit that are different in structure
from each other, and are distributed along the polymer chain
in any ordered or random arrangement or sequence. There-
fore, the term polymer herein encompasses also random,
alternated and block copolymers. Organic polymer matrices
can include, but are not limited to, polyethylene, polypropy-
lene, polystyrene, polycarbonate, acrylates, polymethyl
methacrylate, hydroxyethyl acrylate, hexanediol diacrylate,
neopentylglycol diacrylate, methyl-alpha-chloroacrylate, tri-
methylolpropane triacrylate, dipentaol hexaacrylate, trim-
ethylol propane tridiethyleneglycol acrylate, urethane acry-
late, adipic acid hexamethylenediamineoligomer, or
synthetic polymers such as polytetrafluoroethylene, polyeth-
vylene terephthalate, polyparaxylene, trifluorochloroethylene,
allyl trifluoroacetylene, combinations thereof, or the like.
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[0021] An embodiment includes a compound of formula I:

.

AN NZ

I
L

The embodiment has A as hydrogen or - ,-R", B as hydrogen
or -Iz-R*, and C as hydrogen or -L.-R". In some embodi-
ments, R is

wherein E is a hydrogen, halogen, -G, —O-G, or NG,, and
wherein G is an aryl, substituted aryl, heteroaryl, substituted
heteroaryl, or alkyl. Further, embodiments include those
wherein -L -, -[z-, and -L .- are independently a bond or
ethynyl, at least one of A, B and C is -L-R', -L,-R', or
LR, and if B is -Lz-R* and -Lz- is a bond, then E is
hydrogen, G, or —O-G. Various embodiments include salts
thereof.

[0022] In some embodiments of the compound, G is phe-
nyl, substituted phenyl, biphenyl, substituted biphenyl,
pyridyl, substituted pyridyl, naphthyl, substituted naphthyl,
quinolyl, substituted quinolyl, isoquinolyl, substituted iso-
quinolyl, fluorenyl, substituted fluorenyl, terphenyl, substi-
tuted terphenyl, methyl, ethyl, propyl, isopropyl, or t-butyl. In
other embodiments, G is aryl, substituted aryl or heteroaryl,
substituted heteroaryl. In yet other embodiments, G is phenyl,
substituted phenyl, biphenyl, substituted biphenyl, pyridyl,
substituted pyridyl, naphthyl, substituted naphthyl, quinolyl,
substituted quinolyl, isoquinolyl, substituted isoquinolyl,
fluorenyl, substituted fluorenyl, or terphenyl, substituted tet-
phenyl. In some embodiments, G is aryl or heteroaryl. In
other embodiments, G is phenyl, biphenyl, pyridyl, naphthyl,
quinolyl, isoquinolyl fluorenyl or terphenyl. In still other
embodiments, G is aryl. G may be phenyl, biphenyl, naph-
thyl, fluorenyl, or terphenyl in embodiments. G may be het-
eroaryl in other embodiments. G may be pyridyl, quinolinyl
or isoquinolinyl in still other embodiments. G may be phenyl,
substituted phenyl, in yet other embodiments. In some
embodiments, G is phenyl. In other embodiments, G is
pyridyl or substituted pyridyl. In still other embodiments, G is
2-pyridyl. In yet other embodiments, G is methyl, ethyl, pro-
pyl, isopropyl, or t-butyl.

[0023] In various embodiments of the compound, -L -R*
and-L ,.isabond, B is hydrogen, and C is hydrogen. In other
embodiments, B is -L,-R" and -L- is a bon, A is hydrogen,
and C is hydrogen. In still other embodiments, A is -L ,-R*
and -L ;- is ethynyl, B is hydrogen, and C is hydrogen.
[0024] In various embodiments of the compound, the sub-
stitution on G is one or more of alkyl, aryl, alkoxy, alky-
lamino, halogen, aryloxy, arylamino, alkylsilyl, or arylsilyl.
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In other embodiments, substitution on G is methyl, ethyl,
propyl, isopropyl, t-butyl, cyclohexyl, methoxy, ethoxy, pro-
poxy, butoxy, dimethyl amino, trimethylsilyl, cyano, fluorine,
chlorine, phenoxy, tolyloxy, dimethylamino, diethylamino,
diphenylamino, or triphenylsilyl. In still other embodiments,
substitution on G is t-butylphenyl, dimethylaminophenyl,
methoxyphenyl, or cyanophenyl. In yet other embodiments,
G is a para substituted phenyl. In still other embodiment, G is
p-t-butylphenyl, p-dimethylaminophenyl, p-methoxyphenyl,
or p-cyanophenyl.

[0025] In various embodiments of the compound, E is
hydrogen. In other embodiments, E is G. In still other
embodiments, E is —O-G. In yet other embodiments, E is
—N(G),. In yet other embodiments, E is hydrogen, -G,
—0-G, or —N(G),.

[0026] Invarious embodiments of the compound, A is -L ;-
R', B is hydrogen, and C is hydrogen, and -L - is ethynyl or
abond,. Insome embodiments, A is -L.,-R*, B is hydrogen, C
is hydrogen, and -L - is a bond. In other embodiments, A is
—1,,-R%, B is hydrogen, C is hydrogen, and -L - is ethynyl.
In yet other embodiments, A is -L ,-R", B is hydrogen, and C
is -L-R", and -1 - and -L - are bonds. In still other embodi-
ments, A is -L,-R', B is hydrogen, and C is -L -R', and -L -
and -L - are ethynyl.

[0027] Invarious embodiments of the compound, the com-
pound is a free base. In other embodiments, the compound is
a salt. In still other embodiments, the compound is an inor-
ganic salt. In yet other embodiments, the compound is an
organomnetallic salt. In still other embodiments, the com-
pound is a transition metal salt. In embodiments, the saltis a
copper salt. In other embodiments, the salt is a zinc salt.

[0028] In some embodiments of the compound, E is halo-
gen. In embodiments, the E may be bromo. In other embodi-
ments, E is chloro. In still other embodiments, E is fluoro.

[0029] In some embodiments of the compound, the com-
pound is

[0030] 6-(anthracen-9-y1)-N-(pyridin-2-yl)pyridin-2-
amine (1);

[0031] 4-(10-((6-pyridin-2-ylamino)pyridin-2-yl)thy-
nyl)anthracen-9-yl)benzonitrile (2);

[0032] N-(anthracen-9-yl)-N-(pyridin-2-yl)pyridin-2-
amine (3);

[0033] 6-(anthracen-9-ylethynyl)-N-(pyridin-2-yl)pyri-
din-2-amine (4);

[0034] 6-((10-(4-methoxyphenyl)anthracen-9-yl)ethy-
nyl)-N-(pyridin-2-yl)pyridin-2-amine (5);

[0035] 6-((10-(4-(dimethylamino)phenyl)anthracen-9-
ylethynyl)-N-(pyridin-2-yl)pyridin-2-amine (6);
[0036] bis(6-(anthracen-9-ylethynyl)pyridin-2-y1)
amine (7);

[0037] 6-((10-(bis(4-tert-butylphenyl)amino)anthracen-
9-yl)ethynyl)-N-(pyridin-2-yl)pyridin-2-amine (8);
[0038] 6-((10-(bis(4-methoxyphenyl)amino)anthracen-
9-yDethynyl)-N-(pyridin-2-y1)pyridin-2-amine (9); and
[0039] 6-((10-bromoanthracen-9-yl)ethynyl)-N-(pyri-
din-2-yl)pyridin-2-amine;

or salts thereof.

Nov. 19,2015



US 2015/0329773 Al
-continued
OMe
XN ¥
| a N x
H
NMe,
XN N7
| AN\
H
oue
.
Va X N N

t-Bu

Nov. 19,2015

-continued
8
: t-Bu
N
| Xy N
7 N N
H
9

MeO, : OMe
N

[0040] In embodiments of the compound, the compounds
provide fluorescence, commonly in the visible spectrum, with
high quantum yields. Fluorescence emission data is provided
for compounds 1-9 are provided in Table 1. Normalized pho-
toluminescence spectra are provided for compounds 1-9 in

FIG. 1.
TABLE 1
Nora @, (quantum yields)
Compd. (nm) (%)
1 409 10
2 446 39
3 440 80
4 436 69
3 465 41
6 438 47
7 558 68
8 607 67
9 650 5

[0041] Dissociation temperatures of compounds 1-9 were
obtained from TGA curves and presented in Table 2.
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TABLE 2

Compd. 1 2 3 4 5 6 7 8 9

T/°C. 200 227 295 294 363 233 419 135 304

[0042] Embodiments include methods of preparing a com-
pound of formula 1:

.
Xy NZ
999!
|
|

wherein A is -L ,-R*, B as hydrogen, and C as hydrogen. R* is

E is -G, and wherein G is an aryl, substituted aryl, heteroaryl,
or substituted heteroaryl, the method comprising coupling
6-((10-bromoanthracen-9-yl)ethynyl)-N-(pyridin-2-yl)pyri-

din-2-amine with an arylboronate, substituted arylboronate,
heteroarylboronate, or substituted heteroarylboronate.

[0043] Various embodiments of the method of preparation
include wherein the aryl boronate is a dimethylaminopheny]l-
boronate. In other embodiments, the aryl boronate is an
alkoxyphenylboronate. In still other embodiments, the aryl
boronate is an aryl dimethoxyboronate. In yet another
embodiment, the aryl boronate is an aryl thexylboronate. In
still other embodiments, the coupling step comprises contact-
ing the 6-((10-bromoanthracen-9-yl)ethynyl)-N-(pyridin-2-
yl)pyridin-2-amine with an arylboronate, substituted arylbo-
ronate, heteroarylboronate, or substituted
heteroarylboronate, with palladium tetrakis-triphenylphos-
phine and cesium carbonate in an aprotic solvent.

[0044] Embodiments include methods of preparing a com-
pound of formula 1:

s c
Xy 7
\/N\I,
}
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wherein A is -I,-R', B is hydrogen, C is hydrogen, R* is

E is a hydrogen, halogen, -G, —O-G, or NG,, and wherein G
is an aryl, substituted aryl, heteroaryl, substituted heteroaryl,
or alkyl, the method comprising coupling 6-ethynyl-2,2'-
dipyridylamine with a 9-bromoanthracene compound. In
some embodiments, the 9-bromoanthracene compound is
9-bromanthracene. In other embodiments, wherein the 9-bro-
moanthracene compound is 10-p-methoxyphenoxy-9-bro-
moanthracene. In still other embodiments, the 9-bromoan-
thracene compound is 10-bis-(p-t-butylphenyl)-amino-9-
bromoanthracene. In yet other embodiments, the
9-bromoanthracene compound is 10-bis-(p-methoxyphenyl)-
amino-9-bromoanthracene. In various embodiments of the
method of preparation, the coupling step comprises contact-
ing the 6-ethynyl-2,2'-dipyridylamine with a 9-bromoan-
thracene compound in the presence of bis-triphenylphos-
phine palladium chloride and a cuprous salt. In other
embodiments, the coupling comprises contacting the 6-ethy-
nyl-2,2'-dipyridylamine with a 9-bromoanthracene com-
pound in the presence of bis-triphenylphosphine palladium
chloride, cuprous iodide, and an alkyl amine.

[0045] Embodiments include methods of detecting metal
ions comprising detecting the wavelength of a compound of
formula 1:

.
Xy N

o9e!
]L

wherein A is hydrogen or -L,-R", B is hydrogen or -L -R*, C
is hydrogen or -L-R*, R* is

Eisahydrogen, halogen, -G, —O-G, or NG,, wherein G is an
aryl, substituted aryl heteroaryl, substituted heteroaryl, or
alkyl, wherein -L -, -Lz-, and -L .- are independently a bond
or ethynyl, at least one of A, B and C is - -R*, -L;-R*, or
LR, and if B is -Lz-R* and -L- is a bond, then E is
hydrogen, G, or —O-G. In some embodiments, the method
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comprises the steps of detecting the wavelength or spectral
intensity of a compound, contacting the compound with a
sample, determining a shift in the wavelength or change in
spectral intensity,

[0046] Embodiments include detecting the visible wave-
length and determining a shift in the visible spectrum in the
presence of aion. Some embodiments include a visual detec-
tion and visual determination. Other embodiments include
using a spectrophotometer. In some embodiments, the shift in
the visible spectrum is a red shift. In still other embodiments
the shift is in the presence of divalent metal jon.

[0047] Still other embodiments include detecting a fluores-
cence wavelength and determining an intensity shift in the
fluorescence in the presence of an ion. Some embodiments
include a visual detection and visual determination of the
intensity change. Other embodiments use a spectrophotom-
eter. In some embodiments, the intensity change is an
decrease in intensity. In still other embodiments the intensity
change is in the presence of divalent metal ion.

[0048] Embodiments provide methods employing com-
pounds as described herein to detect metal ions. As an
example, FIG. 2 shows the change in fluorescence emission
intensity of 4-(10-((6-(pyridin-2-ylamino)pyridin-2-yl)ethy-
nyl)anthracen-9-yl)benzonitrile (compound 2) with the addi-
tion of (0-2.0 equiv.) Cu** in MeOH/H,O (4/1, v/v) with A,
fixed at 298 nm (one of the isosbestic points). The change in
the luminescence upon coordination of metal ions may be
useful for detection of gunpowder residue, bomb making
activity, and/or environmental contamination such as heavy
metal contamination of food or soil or water, as well as for
detection of sites of meteor impact and even interplanetary
exploration.

[0049] The fluorescence emission reduction observed with
compound 2 in the presence of cupric ion is reversible. Addi-
tion of cyanide ion effectively competes with compound 2 for
chelation of the copper, and the fluorescence emission is
restored (FIG. 3). The decrease and increase in intensity of the
fluorescence may be repeated by addition of cupric ion and
cyanide. FIG. 3 illustrates the fluorescence changes during
titration of the compound 2-Cu** complex (10 uM) with
cyanide ion in MeOH/H,O (41, v/v), with h__ fixed at 298
nm.

[0050] In another embodiment, a composition comprises a
compound of general formula I as described herein and an
organic polymer matrix. In embodiments, the composition
may comprise a compound of general formula I, an organic
polymer matrix and a solvent. Solvents include, but are not
limited to, organic solvents such as toluene, dicthyl ether,
tetrahydrofuran, dichloromethane, and combinations thereof.
[0051] Inyet another embodiment, a composition provides
a fluorescent product or an electroluminescent, product com-
prising a compound of general formula I as described herein.
The product may be a flat panel display device. In a further
embodiment is a composition providing an electrolumines-
cent device for use with an applied voltage, comprising: a first
electrode, an emitter which is an electroluminescent com-
pound of general formula I as described herein, and a second,
transparent electrode, wherein voltage is applied to the two
electrodes to produce an electric field across the emitter so
that the emitter electroluminesces. In a still further embodi-
ment, a composition provides an electroluminescent device
for use with an applied voltage, comprising: a first electrode,
a second, transparent electrode, an electron transport layer
adjacent the first electrode, a hole transport layer adjacent the
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second electrode, and an emitter which is an electrolumines-
cent compound of general formula I interposed between the
electron transport layer and the hole transport layer, wherein
voltage is applied to the two electrodes to produce an electric
field across the emitter so that the emitter electroluminesces.

[0052] Yet another embodiment is a method of producing
electroluminescence, comprising the steps of: providing an
electroluminescent compound of general formula I, as
described herein, and applying a voltage across said com-
pound so that said compound electroluminesces.

[0053] An advantage of preferred compounds is that they
are highly soluble in common organic solvents such as tolu-
ene, diethyl ether, tetrahydrofuran, and dichloromethane.
This permits the compounds to be blended easily and conve-
niently with organic polymer matrices. The role of the organic
polymer matrix in such a mixture is at least two-fold. First, a
polymer can provide protection for the compound from air
degradation. Second, a polymer host matrix permits theuse of
a spin-coating or dip-coating process as a way to make films.
Accordingly, embodiments include methods of applying
compounds as described above to a surface. These methods
include solvent cast from solution, electrochemical deposi-
tion, vacuum vapor deposition, chemical vapor deposition,
spin coating and dip coating. The compounds may be applied
alone or with a carrier. In some embodiments, they are applied
in a composition including an organic polymer matrix.

[0054] Still another embodiment is a kit for detecting metal
ions. The kit includes a solvent, a compound of formula I as
described herein, and a mixing container. Solvents include,
but are not limited to, organic solvents such as toluene, diethyl
ether, tetrahydrofuran, dichloromethane, and combinations
thereof. The solvent and the compound may be separate in the
kit. The compound may be dissolved in the solvent in the kit.
The kit may further contain standards of one or more inor-
ganic ions. The kit is used by comparing the fluorescence and
visible spectra of the compound in the solvent, mixing with a
test sample, and detecting a change in intensity of the fluo-
rescence or a shift in the visible spectrum. A comparison of
the changes may be made to changes in fluorescence and
visible spectra by using a standard with the compound in the
solvent.

EXAMPLES

[0055] Although the present invention has been described
in considerable detail with reference to certain preferred
embodiments thereof, other versions are possible. Therefore
the spirit and scope of the appended claims should not be
limited to the description and the preferred versions con-
tained within this specification. Various aspects of the present
invention will be illustrated with reference to the following
non-limiting examples.

[0056] Novel luminescent compounds with emission col-
ors that can be easily and systematically tuned to cover almost
the entire visible spectral region were synthesized. In some
embodiments, a dpa unit may be introduced to the 9-position
of anthracene by a C—C bond or C—N bond to afford blue
light emitting compounds. In other embodiments, the 9-po-
sition of anthracene may be linked to the 6-position of dpa by
an ethynyl bridge. Such a connection mode can effectively
extend the pi-conjugation systems and thus reduce the
HOMO-LUMO energy gaps of the compounds, resulting in
bathochromic shifts of the emission maxima. In these com-
pounds, the electron deficient dpa unit may act as an electron
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acceptor. If electron donors are attached to the 10-position of
anthracene, D-pi-A type luminescent materials may be devel-
oped.

[0057] Advantages of these compounds include: easy
structural modification, tunable emission colors from violet
(409 nm) to red (663 nm) by changing the connection mode
between the two units as well as modulating the electron
donors, high solid state quantum yields, good solubility and
easy processing. Furthermore, the dpa unit in these com-
pounds can be utilized to coordinate with metal ions to further
modulate the emission wavelengths and intensities.

Example 1

Preparation of 1: 6-(anthracen-9-y1)-N-(pyridin-2-y1)
pyridin-2-amine

[0058]

Pd(PPhy)s
Cs,C0;

Br
@\ NZ DMF
9
NN
H

[0059] 1 (470 mg, 1.5 mmol), 6-bromo-2,2'-dpa (124 mg,
0.5 mmol), cesium carbonate (820 mg, 2.5 mmol), Pd(PPh,),,
(57 mg, 0.05 mmol) and DMF (15 mL) were placed in a
Schlenk flask (100 mL), which was charged with nitrogen.
The mixture was stirred at 85° C. for 24 hours. Then the
mixture was dissolved in dichloromethane and washed with
water, dried over anhydrous sodium sulfate, evaporated, and
purified by a silica gel column to afford a yellow solid of 1 (10
mg, yield 6%), A_,,=409 (nm), ®=10% quantum yield.

cm
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Example 2

Preparation of 2: 4-(10-((6-(pyridin-2-ylamino)pyri-
din-2-yl)ethynyl)anthracen-9-yl)benzonitrile

[0060]

[0061] To a solution of 4-bromobenzonitrile (490 mg, 2.5
mmol) in dry tetrahydrofuran (20 mL) at -78° C., n-butyl
lithium (1.4 mL, 0.58 mmol, 2.4 M in hexane) was added
dropwise. The mixture was stirred at —=78° C. for 1 hour. Then,
trimethyl borate (0.5 mL) was added rapidly to the above
solution and the mixture was stirred for another 2 h. The
resultant mixture was warmed up to room temperature and
stirred overnight and the solution was then injected into a
mixture of il (113 mg, 0.25 mmol), cesium carbonate (245
mg, 0.75 mmol), Pd(PPh,), (29 mg, 0.025 mmol), toluene (15
mL) and dimethylformamide (15 mL) in a Schlenk flask (100
mL), which was charged with nitrogen, and stirred at 85° C.
for 24 hours. Then, the mixture was dissolved in dichlo-
romethane and washed with water, dried over anhydrous
sodium sulfate, evaporated, and purified by a silica gel col-
umn to afford the yellow solid (5 mg, yield 4%), i, =446
(nm), $=39% quantum yield.

Example 3

Preparation of 3: N-(anthracen-9-y1)-N-(pyridin-2-
yl)pyridin-2-amine

[0062]
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[0063] 9-Bromoanthracene (3 g, 11.7 mmol), 2,2'-dpa
(1.23 g, 7.2 mmol), copper sulfate (91 mg, 0.57 mmol), potas-
sium carbonate (1.66 g, 12 mmol) and diphenyl ether (1.5
mL) were placed in a Schlenk flask (100 mL), which was
charged with nitrogen. The mixture was stirred at 200° C. for
36 h, then directly purified by a silica gel column to afford a
pale yellow solid (750 mg, yield 30%), A_,=440 (nm),
@ ,=80% quantum yield.

Example 4

Preparation of 4: 6-(anthracen-9-ylethynyl)-N-(pyri-
din-2-yl)pyridin-2-amine

[0064]

[0065] 9-Bromoanthracene (1.34 g, 5.2 mmol), 6-ethynyl-
2,2'-dpa (0.6 g, 3.1 mmol), copperiodide (10 mg, 0.03 mmol),
Pd(PP,),Cl, (216 mg, 0.05 mmol), diisopropylamine (12
mL) and tetrahydrofuran (48 mL) were placed in a Schlenk
flask (250 mL), which was charged with nitrogen. The mix-
ture was stirred at 70° C. for 15 hours. Then, the solvent was
removed under reduced pressure, purified by a silica gel col-
umn to afford a yellow solid (500 mg, yield 40%), A ., =436
(nm), ®~69% quantum yield.

Example 5

Preparation of 5: 6-((10-(4-methoxyphenyl)anthra-
cen-9-yl)ethynyl)-N-(pyridin-2-yl)pyridin-2-amine

[0066]

OMe
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[0067] i1 (160 mg, 0.36 mmol), i2 (170 mg, 0.72 mmol),
cesium carbonate (348 mg, 1.07 mmol), Pd(PPh,), (33 mg,
0.03 mmol) and DMF (15 mL) were placed in a Schlenk flask
(100 mL), which was charged with nitrogen. The mixture was
stirred at 85° C. for 14 hours. Then, the mixture was dissolved
in dichloromethane and washed with water, dried over anhy-
drous sodium sulfate, evaporated, and purified by silica gel
column to afford a yellow solid (18 mg, yield 10%) , i, =465
(nm), ®,.~41% quantum yield.

Example 6

Preparation of 6: 6-((10-(4-(dimethylamino)phenyl)
anthracen-9-yl)ethynyl)-N-(pyridin-2yl)pyridin-2-

amine
[0068]
6
NMe,
| XN NZ
PN
H
[0069] To a solution of 4-bromo-N,N-dimethylaninline

(500 mg, 2.5 mmol) in dry tetrahydrofuran (20 mL) at -78°
C., n-butyllithium (1.4 mL, 0.58 mmol, 2.4 M in hexane) was
added dropwise. The mixture was stirred at =78° C. for 3 hour.
Then, trimethyl borate (0.5 mL) was added rapidly to the
above solution and the mixture was stirred for another 2 hour.
The resultant mixture was warmed up to room temperature
and stirred overnight and the solution was then injected into a
mixture of i1 (113 mg, 0.25 mmol), cesium carbonate (245
mg, 0.75 mmol), Pd(PPh,), (29 mg, 0.025 mmol), toluene (15
mL) and DMF (15 mL) in a Schlenk flask (100 mL), which
was charged with nitrogen, and stirred at 85° C. for 24 hours.
Then, the mixture was dissolved in dichloromethane and
washed with water, dried over anhydrous sodium sulfate,
evaporated, and purified by a silica gel column to afford a
yellow solid (20 mg, vield 16 %) , A_,,=438 (nm), ®=47%
quantum yield.



US 2015/0329773 Al

Example 7

Preparation of 7:
bis(6-(anthracen-9-ylethynyl)pyridin-2-yl)amine

[0070]

[0071] 9-Bromoanthracene (846 mg, 3.28 mmol), copper
iodide (30 mg, 0.09 mmol), Pd(PPh,), (168 mg, 0.14 mmol),
diisopropylamine (18 mL) and tetrahydrofuran (30 mL) were
placed in a Schlenk flask (100 mL), which was charged with
nitrogen. Then a solution of 6,6'-diethynyl-2,2'-dpa (0.3 g,
1.37 mmol) in tetrahydrofuran (5 mL) was injected in
batches. The mixture was stirred at 70° C. for 21 hours. Then,
the mixture was dissolved in dichloromethane and washed
with water, dried over anhydrous sodium sulfate, evaporated,
and purified by a silica gel column to afford a yellow solid
(270 mg, yield 30 %), &_,,=558 (nm), ®,.~68% quantum
yield.

Example 8

Preparation of 8: 6-((10-(bis(4-tert-butylphenyl)
amino Janthracen-9-yl)ethynyl)-N-(pyridin-2-yl)pyri-
din-2-amine

[0072]
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[0073] i3 (500 mg, 0.93 mmol), copper iodide (25 mg, 0.13
mmol), PA(PPh,),Cl, (90 mg, 0.13 mmol), diisopropylamine
(7.5 mL) and tetrahydrofuran (25 mL) were placed in a
Schlenk flask (100 mL), which was charged with nitrogen.
Then a solution of 6-ethynyl-2,2"-dpa (0.38 g, 1.95 mmol) its
tetrahydrofuran (10 mL) was injected in batches. The mixture
was stirred at 70° C. for 33 hours. Then, the solvent was
removed under reduced pressure, purified by a silica gel col-
umn to afford a yellow solid (170 mg, yield 28%), »_, =607
(nm), ®~67% quantum yield.

Example 9

Preparation of 9: 6-((6-((10-(bis(4-methoxyphenyl)
amino)anthracen-9-yl)ethynyl)-N-(pyridin-2-y1)pyri-

din-2-amine
[0074]
9
MeO OMe
N
(L]
AN
H
[0075] 14 (452 mg, 0.93 mmol), copper iodide (25 mg, 0.13

mmol), PA(PPh,),Cl, (90 mg, 0.13 mmol), diisopropylamine
(7.5 mL) and tetrahydrofuran (25 mL) were placed in a
Schlenk flask (100 mL), which was charged with nitrogen.
Then a solution of 6-ethynyl-2,2'-dpa (365 mg, 1.87 mmol) in
tetrahydrofuran (10 mL) was injected in batches. The mixture
was stirred at 70° C. for 28 hours. Then, the solvent was
removed under reduced pressure, and the residue was purified
by a silica gel column to afford a red solid (103 mg, yield
18%), A, =650 (nm), ®=5% quantum yield.

Example 10

Fluorescence Probe of Compound 2, Showing
Turn-On, Turn-Off Characteristics

[0076] When aqueous cuprate, 0-2.0 equiv. of Cu*, was
added to a MeOH/H,0 solution of 2 (10 uM), as shown in
FIG. 2, the fluorescence was almost completely quenched.
This is due to the formation of non-fluorescent 2-Cu** com-
plex. Then, cyanide was added to the resulting solution. As
shown in FIG. 3, a sharp fluorescence “turn on” was observed
with the addition of 0-8.0 equiv. of CN". Thus, compound 2
can be used as a fluorescent “turn off” Cu®* probe with the
detection limit of 9x10~7 M and the 2-Cu** ensemble can be
used as a fluorescence “turn on” CN™ probe with the detection
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limit of 2x10~7 M. The fluorescence could be turned off and
on repeatedly with the alternate addition of Cu** and CN~
ions, indicative of good reversibility of the probe.

Example 11

Fluorescent Compounds in Organic Light Emitting
Diodes

[0077] NPB (4,4'-bis(N-(1-naphthyl-N-phenylamino)bi-
phenyl) was used as a hole-transporting layer, BCP (2,9-
dimethyl-4,7-diphenyl-1,10-phenanthroline) as an electron-
transporting and hole-blocking layer, TPBi (1,3,5-tris(N-
phenylbenzimidazol-2-yl)benzene) or Alg; as an electron-
transporting layer, LiF/Al as a cathode, and ITO acts as
anode. Device with the structure of ITO/NPB/emitter/BCP/
TPBi (or Alg;)LiF/Al was fabricated by sequential vacuum
deposition of organic materials, LiF, and Al on pre-treated
ITO. In the device, any one of the compounds selected from
compounds 1-9 can be used as the host emitter.

Example 12

Fluorescent Compounds as Fluorescent Dyes

[0078] Compounds 1-9 can be used as fluorescent dyes
with the advantages of high quantum yields, good thermosta-
bility, and easily modulated colors. Fluorescent dyes can be
used for fabricating fluorescent paint for roadway signs,
luminare posts, and fluorescent clothing, etc. For example,
green color is very striking in the dark, compound 7 can be
used as green dyes for making fluorescent clothes, which can
be used by traffic police in the law enforcement processes.
1. A luminescent compound of formula I,

A is hydrogen or - ,-R*;
B is hydrogen or -L,-R%;
C is hydrogen or -L-R%;

wherein R1 is

E is a hydrogen, halogen, -G, —O-G, or NGy;
G is an aryl, substituted arvl, heteroaryl, substituted het-
eroaryl, or alkyl;
wherein-L -, -L -, and -L - are independently a bond or
ethynyl;
at least one of A, B and C is -L ,-R', -L;-R, or -L-R%;
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ifBis -Iz-R" and -I,- is a bond, then E is hydrogen, G, or
—0-G;
and salts thereof.

2. The compound of claim 1, wherein G is phenyl, substi-
tuted phenyl, biphenyl, substituted biphenyl, pyridyl, substi-
tuted pyridyl, naphthyl, substituted naphthyl, quinolyl, sub-
stituted quinolyl, isoquinolyl, substituted isoquinolyl,
fluorenyl, substituted fluorenyl, terphenyl, substituted terphe-
nyl, methyl, ethyl, propyl, isopropyl, or t-butyl.

3-5. (canceled)

6. The compound of claim 1, wherein G is phenyl, biphe-
nyl, pyridyl, naphthyl, quinolyl, isoquinolyl, fluorenl or ter-
phenyl.

7-11. (canceled)

12. The compound of claim 1, wherein G is phenyl.

13. (canceled)

14. The compound of claim 1, wherein G is 2-pyridyl.

15. The compound of claim 1, wherein G is methyl, ethyl,
propyl, isopropyl, or t-butyl.

16. The compound of claim 1, whereinA is -L ,-R' and - -
is a bond; B is hydrogen; and C is hydrogen.

17. The compound of claim 1, wherein B is -L,-R' and
-L-R* is a bond; A is hydrogen; and C is hydrogen.

18. The compound of claim 1, wherein A is -L -R" and -L -
is ethynyl; B is hydrogen; and C is hydrogen.

19. The compound of claim 1, wherein substitution on G is
one or more of alkyl, aryl, alkoxy, alkylamino, halogen, ary-
loxy, arylamino, alkylsilyl, or arylsilyl.

20. (canceled)

21. The compound of claim 1, wherein substitution on G is
t-butylphenyl, dimethylaminophenyl, methoxyphenyl, or
cyanophenyl.

22. The compound of claim 1, wherein G is a para substi-
tuted phenyl.

23. The compound of claim 1, wherein G is p-t-butylphe-
nyl, p-dimethylaminophenyl, p-methoxyphenyl, or p-cy-
anophenyl.

24. The compound of claim 1, wherein E is hydrogen.

25. The compound of claim 1, wherein E is G.

26. The compound of claim 1, wherein E is —O-G.

27. The compound of claim 1, wherein E is —N(G),.

28. (canceled)

29. The compound of claim 1, wherein A is -L A-RI, Bis
hydrogen, C is hydrogen.

30-31. (canceled)

32. The compound of claim 1, wherein A is -L ,-R*, B is
hydrogen, and C is -L-R" and -L ,- and -L - are bonds.

33. The compound of claim 1, wherein A is -L ,-R*, B is
hydrogen, C is -L-R*, and -L - and -L - are ethynyl.

34. The compound of claim 1, wherein the compound is a
salt.

35-37. (canceled)

38. The compound of claim 1, wherein E is halogen.

39. The compound of claim 1, wherein E is bromo.

40. The compound of claim 1, wherein the compound is:

6-(anthracen-9-y1)-N-(pyridin-2-yl)pyridin-2-amine;

4-(10-((6-(pyridin-2-ylamino)pyridin-2-yl)ethynyl)an-
thracen-9-yl)benzonitrile;

N-(anthracen-9-y1)-N-(pyridin-2-yl)pyridin-2-amine;

6-(anthracen-9-ylethynyl)-N-(pyridin-2-yD)pyridin-2-

amine;
6-((10-(4-methoxyphenyl)anthracen-9-yl)ethynyl)-N-
(pyridin-2-yl)pyridin-2-amine;
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6-((10-(4-(dimethylamino)phenyl)anthracen-9-yl)ethy-
nyl)-N-(pyridin-2-yl)pyridin-2-amine;

bis(6-(anthracen-9-ylethynyl)pyridin-2-yl)amine;

6-((10-(bis(4-tert-butylphenyl)amino)anthracen-9-yl)
ethynyl)-N-(pyridini-2-yl)pyridin-2-amine;

6-((10-(bis(4-methoxyphenyl)amino)anthracen-9-yl)
ethynyl)-N-(pyridin-2-yl)pyridin-2-amine; and

6-((10-bromoanthracen-9-yl)ethynyl)-N-(pyridin-2-yl)
pyridin-2-amine;

or salts thereof.
41-76. (canceled)
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